Abstract This paper provides a review of recent research on executive function abilities in children with specific language impairment (SLI). Across several studies, children with SLI are reported to perform worse than typically developing peers on measures of sustained attention, working memory, inhibition, and attention shifting. However, few studies have considered multiple executive function components simultaneously and even fewer have examined the underlying relationship between executive function deficits and impaired language acquisition. We argue that in order to fully understand the nature of executive function deficits in SLI, the field must move past simply identifying weaknesses to instead test models of executive function development and explore the nature of the relationship between executive function and language. Future research directions are recommended in order to achieve these goals.
Introduction
Although specific language impairment (SLI) is defined by disordered acquisition of language in the absence of hearing impairment, neurological damage, cognitive impairment, and concomitant behavioral or emotional disorders [1] , researchers have questioned whether children with SLI are accurately characterized by these exclusionary criteria. In addition to language impairment, nonlinguistic deficits have been identified among children diagnosed with SLI including in motor control [2, 3] , response speed [4] , and memory [5, 6] . Many children with SLI also demonstrate cognitive deficits when compared to typically developing peers on measures of both verbal and nonverbal cognition [7] . Indeed the nonverbal IQ diagnostic criterion of SLI has been at the center of ongoing debate within the field [8] [9] [10] [11] [12] .
In light of the evidence that children with SLI have weaknesses that are not restricted to language, domain-general accounts of the disorder have been proposed. Perhaps most recently, Ullman and Pierpont [13] introduced the Procedural Deficit Hypothesis in which disordered language development stems from an aberration in the neural network underlying procedural memory, which leads to the hallmark grammar impairments as well as additional nonlinguistic deficits in cognition and motor skills that have been reported among children with SLI. The primary evidence presented in support of this hypothesis is differences on serial reaction time tasks by children with SLI compared to their typically developing peers [14] . This particular theory was preceded in time by other theories that also posited that more general deficits could account for language deficits. The Generalized Slowing Hypothesis [15] suggests that children with SLI are slower to process stimuli across both linguistic and nonlinguistic domains [15, 16] . This slowed processing is assumed to disrupt language acquisition because crucial language learning operations like parsing the speech stream and extracting words/ morphemes are time-dependent. Earlier still, the Generalized Representational Deficit [17] proposed that the language deficits of children with SLI were part and parcel of an overarching problem with the representation of information in general. This theory found support from studies that demonstrated subtle but reliable nonverbal cognitive deficits in the visuo-spatial domain [18, 19] , hierarchical planning [20] , and haptic recognition [21] .
Each of these theories represents a decades-long attempt to find a single base deficit that explains the range of surface signs that present in SLI (a BGrand Unification Theory^of SLI). Over time, these attempts have waxed and waned as initial evidence in support of the theory became available, inevitably followed by counter-evidence. For example, several studies have failed to find uniform deficits for serial reaction time learning in SLI or attributed the locus of the deficit to factors other than procedural learning per se [22] [23] [24] . Failures to link slow reaction times to language deficits undermined the Generalized Slowing Hypothesis [25] . Other theories (e.g., the General Representational Deficit) have undergone a reconceptualization. For example, the co-occurrence of discrete verbal and nonverbal deficits may be the functional consequence of both right and left hemisphere involvement in SLI [26] rather than signaling an overarching representational deficit.
The regular appearance of new Grand Unification Theories in SLI provides an object lesson for our consideration of executive function in this paper. It has been relatively easy over the years to find deficits outside of the language deficits that have classically defined SLI. It has been substantially more difficult to come to an understanding of the role of these nonlinguistic deficits in the overall presentation of the disorder. Research studies in these areas often rely on correlational methods rather than the types of experimental manipulations that would establish causal connections. Conversely, it is not necessary for an underlying cognitive deficit to account for impaired language development in order for it to be important in the overall constellation of the disorder. For example, slow processing speed during the period of language acquisition may not itself give rise to SLI, but slow processing speed is not likely to facilitate language processing for those who do develop SLI. Therefore, whether nonlinguistic deficits constitute causal, contributing, or co-occurring signs, understanding the broader profile of SLI is important. However, a full understanding of the SLI profile will not only include a list of verbal and nonverbal deficits, but whether and how these deficits inter-relate.
Executive Function
In support of domain-general accounts of SLI, there is increasing evidence that children with SLI demonstrate deficits on both verbal and nonverbal measures of executive function. Executive function comprises higher-order cognitive skills that control and coordinate attention, thought, and action. These skills are largely associated with prefrontal cortex involvement, and they show inverted U-shaped development across the lifespan as they slowly develop through childhood [27, 28] to eventually peak in young adulthood followed by a decline associated with aging in later adulthood [29] . Executive function abilities are crucial for regulating attention and behavior and are predictive of academic success [27, [30] [31] [32] .
Conceptualizations of executive function range from a unitary construct [33, 34] to a set of independent components [35, 36] . Many recent models combine these approaches into integrative models, which posit that executive function comprises a set of separable, but related cognitive components. The most widely applied integrative model of executive function comes from Miyake et al. [37] in which adult participants' performance on a battery of executive function measures was analyzed using factor analysis to delineate separable components within executive function. This led to the conclusion that executive function can be separated into three components: updating (or working memory), inhibition, and shifting attention, which are unique, but moderately correlated.
Developmental Integrative Framework Model
Garon et al. [38] applied Miyake and colleagues' [37] integrative model of executive function to the development of these skills from infancy through the preschool period in their developmental integrative framework model. Based on the order in which different executive function components emerge, Garon et al. posit a hierarchical relationship between components. Specifically, Garon and colleagues' developmental integrative framework model suggests that the first relevant skill to develop is sustained attention, which, although not typically considered an executive function, is a basic cognitive skill that forms the basis for the development of more complex executive function skills. The next component to emerge is working memory, followed by inhibition, and then attentional shifting. Working memory is the ability to retain and manipulate new information over a brief period of time. Inhibition is the ability to ignore distracting information or avoid making a prepotent, but incorrect response. Finally, attentional shifting, or cognitive flexibility, refers to the process of moving attention between different stimuli, stimulus properties, or tasks.
Within the developmental integrative framework model, it is assumed that later-developing skills also require coordination between earlier-developing abilities. For example, a working memory task also requires sustained attention, whereas successful completion of an attentional shifting task requires sustained attention, working memory, and inhibition. Garon et al. [38] created their model based upon the development of executive function among children with typical development, but it has interesting implications for cases of disordered executive function development. Based on the hierarchical nature of the model, disruptions in early developing skills would logically lead to deficits in the laterdeveloping skills that they underlie. In other words, problems with the development of lower-level components would have cascading effects on higher-level components.
Executive function is interesting to consider among children with impaired language because of the bidirectional relationship between these cognitive skills and language development. For example, language in the form of self-directed or internalized speech is an effective strategy for mediating responses on executive function tasks. When preschoolers are encouraged to produce relevant language during executive function tasks, performance improves [39, 40] . Likewise, when adults and older children are prevented from using language through articulatory suppression, executive function performance declines [41, 42] . In the opposite direction, individuals' executive function abilities predict their success in learning new vocabulary [43, 44] and interpreting ambiguous sentences [45] . Additionally, individuals with impaired executive function due to developmental disorder (e.g., Attention Deficit Hyperactivity Disorder) or aging have reduced language abilities [46, 47] . Children with SLI present a fascinating case because their disordered language may lead to executive function deficits or, conversely, may be a result of underlying executive function deficits.
Executive Function in Children with SLI
Researchers have compared the performance of children with SLI to their peers with typical language development on a variety of measures assessing each of the four executive function components included in the developmental integrative framework model [38] . Sustained attention has been assessed via continuous performance tasks in which children must respond to the presence of a target stimulus (visual or verbal) while withholding responses to non-target stimuli across a large number of trials, the majority of which are non-target trials [48, 49] . Researchers have used span tasks that require children to hold information in mind while simultaneously performing a mental operation to measure working memory. For example, verbal working memory has been compared between children with and without SLI using a backward digit span task that requires children to repeat lists of digits in the reverse order of presentation [50] [51] [52] [53] [54] . Tasks that require children to withhold responding, such as the stop signal task [55] and a go/no-go task [56] , have been employed to assess inhibition abilities among children with SLI. Finally, shifting abilities of children with SLI have been compared to children with typical language development using a card sorting task [57] and a trail making task [58•] . In the card sorting task, children must switch attention between different stimulus properties (color versus shape), and the trail making task requires children to connect dots in order alternating between numbers and letters (e.g., a-1-b-2-c).
The results of recent research comparing executive function components between children with and without SLI are summarized in Table 1 . For the purposes of this summary, measures are broadly divided into verbal or nonverbal categories based on whether or not tasks included verbal stimuli and/or responses. Based on these recent studies, there is converging evidence that children with SLI have deficits on verbal working memory. There is also fairly consistent evidence that these children are worse than language-typical peers on measures of nonverbal inhibition and both verbal and nonverbal sustained attention. Indeed, deficits in verbal and nonverbal sustained attention for children with SLI have been supported by the outcomes of a meta-analysis [59] . However, other skills, such as nonverbal working memory, have conflicting results with some researchers finding evidence of an SLI deficit and others reporting equivalent performance between children with SLI and those with typical language development. Despite the inconsistent outcomes among individual studies, Vugs et al. [60• •] conducted a meta-analysis and concluded that the majority of evidence indicates that children with SLI perform worse than typical peers on measures of visual working memory. For the remaining components, shifting (both verbal and nonverbal) and verbal inhibition, there is too little research to reach a conclusion regarding how these skills may be affected in SLI.
Although many researchers have laid the groundwork by comparing executive function between children with SLI and children with typical language development, there is more work to be done to understand both the nature of executive function in children with SLI and the relationship between executive function and their language deficits. First of all, with a handful of notable exceptions [58•, 61 •, 62, 63•, 64•] previous studies have considered executive function components in isolation. Therefore, little data are available to make withinsubject comparisons for different components of executive function, making it difficult to discern how these skills relate to one another within the SLI population. As previously mentioned, integrative frameworks of executive function based on typically developing children and adults assume that executive function components are dissociable, but correlated in individuals. However, it is unclear whether an integrative model accurately describes executive function among children with SLI.
A second unresolved issue in this area is the directionality of the relationship between executive function and language development in children with SLI. The question remains open as to whether executive function deficits may contribute to disordered language acquisition, or vice versa, if impaired language abilities impede executive function development. Although this issue has not been resolved, a small number of recent studies have addressed this question.
Lidstone et al. [42] tested the role of language in executive function performance among children with SLI using articulatory suppression, which disrupts the ability to use self-directed speech during task completion. Compared to typically developing children, children with SLI performed worse on the executive function measure (the Tower of London task), confirming an executive function deficit for children with SLI. Task performance was worse for both groups of children in the articulatory suppression condition, and the groups' performance was equally affected by articulatory suppression [42] . This pattern of findings suggests that children with SLI use language to mediate executive function performance similarly to children with typical language. In other words, it does not appear to be the case that the poorer executive function performance of children with SLI in this study can be accounted for by their inability to use language to guide response behavior.
Verbal strategy use in SLI was also examined by Eichon et al. [65] by comparing performance on a verbal categorization task in a baseline condition to a condition in which children were instructed to label the category aloud. Children with SLI were less accurate than age-matched typical peers in both the baseline and labeling conditions, indicating a relative deficit in categorization. The labeling condition resulted in no change in accuracy for the typical children, but led to reduced accuracy among children with SLI. Thus, contrary to findings with typically developing children [39, 40] , using language as a task strategy may actually be detrimental for children with SLI [65] . Many researchers have suggested that documented problems in executive function in SLI may play a causal role in children's language deficits [66, 67] , but few have directly tested this hypothesis. One interesting line of research in this area has been conducted by Ebert, Kohnert, and colleagues [68, 69] using a nonlinguistic cognitive intervention as a possible means of improving language abilities for children with SLI. In two small studies, each with two participants with SLI, these researchers reported that training cognitive skills including auditory memory, processing speed, and sustained attention led to improvements in expressive language abilities [68, 69] . Although these results will need to be replicated with larger samples, improved language skills following treatment targeting executive function provides preliminary support for the potential causal role of executive function in language deficits among children with SLI.
Future Directions
Despite the increase in attention to the development of executive function in children with SLI, more systematic research is needed to fully understand how executive function and language develop in SLI. First of all, there is a relative dearth of information on how different executive function components may be related to one another within individuals with SLI. We know from work with typically developing adults and children that these components are moderately correlated, but it is unclear whether the same relationship exists for children with SLI. To fill this gap, more research is needed that measures multiple executive function components within the same subjects. Both Henry et al. [58•] and Im-Bolter et al. [62] provide correlations between executive function components and found statistically significant positive relationships between most components. However, these correlations were conducted using the entire sample including typically developing children and children with language impairment combined. Therefore, these results do not address how these components are related in a group of children with SLI alone without the influence of the typically developing children. Future research is needed to examine correlations between executive function components within groups of language impaired children.
Another area that warrants further investigation is the directional relationship between executive function and language abilities in children with SLI. Although some research has addressed this issue, it remains unresolved. Future investigations may use some of the same techniques that have been previously employed to manipulate children's use of language during executive function tasks such as articulatory suppression or instructing children to verbalize; both of which address the role of language in executive function. Likewise, additional research aimed at improving executive function abilities among children with SLI will be helpful in determining the effect of executive function on language abilities. Other methods may also prove useful in addressing this question including longitudinal studies and artificial language learning paradigms. Longitudinal studies that track the growth of language abilities and executive function within language impaired children across time will shed light on how these two skills develop and how the relationship between them may change. Artificial language learning paradigms would offer researchers the ability to test whether children's executive function skills predict their ability to learn language (i.e., grammatical relationships, morphology, vocabulary) by simulating language learning within a controlled laboratory context.
Finally, there are other variables that must be taken into account when measuring executive function that have been largely overlooked in studies of SLI. The first issue is the large variability in executive function abilities associated with age. Because the development of executive function is protracted and continues until early adulthood, it is crucial to consider the effect of age on executive function performance. Comparisons of executive function between children with and without SLI may yield different results depending upon the age of testing. There is often more individual variability in executive function abilities in early childhood during the emergence of these skills, whereas variability may decrease as children age and executive function skills become more stable [70] . Thus, executive function deficits associated with SLI may be more apparent among younger children. Furthermore, due to the effect of age on executive function performance, betweengroup differences may be obscured when studies include a wide range of participant ages because of the resulting within-group variability. Researchers must consider the effect of age on executive function in both the design and interpretation of research comparing children with SLI to typically developing children.
Another variable that has received little attention from researchers examining executive function in SLI is family socioeconomic status (SES), which is positively related to executive function abilities in childhood [71] . Children from families with higher SES, often indexed by parent education, have stronger executive function abilities. Because of the documented relationship between SES and executive function abilities, this variable should be considered when concluding that a group demonstrates an executive function deficit because it may stem from SES discrepancies. Of the studies summarized in Table 1 , only four [48, 55, 72, 73] compared or matched SES between SLI and typical language groups. This is especially problematic in the case of SLI because lower parent education is associated with increased likelihood of an SLI diagnosis [74] . Therefore, SES may be a confounding variable in executive function comparisons between children with and without SLI. In future research, researchers should be mindful of this potential confound by matching groups on SES or by introducing statistical controls for the influence of SES on executive function abilities in order to establish that executive function deficits are related to SLI and not due to SES discrepancies.
The third variable that is often ignored in comparisons of executive function in children with and without SLI is intelligence. Although some researchers have reported that executive function abilities are independent of general intelligence [75, 76] , others have found that executive function abilities in childhood are correlated with measures of fluid and crystallized intelligence [34, 77] . Like SES, this presents a potential confound in studies comparing executive function abilities between groups of children with and without SLI. In a recent meta-analysis, Galliant and Spaulding [7] reported that on average children with SLI score 0.69 standard deviations lower than typically developing children on measures of nonverbal intelligence. Thus, it is important for researchers to ensure than any SLI executive function deficits exist separately from disparities in intelligence, which again may be achieved through group matching or through including statistical controls in analyses.
Conclusions
Based on existing research comparing children with and without SLI on executive function performance, it is apparent that children with SLI demonstrate deficits in at least some executive function components. We argue that it is necessary for future research to move past simply identifying single areas of deficit and to focus instead on testing theories/models of executive function and examining the relationship between executive function deficits and impaired language acquisition. Earlier in this paper, we provided a cautionary note to what we termed Grand Unification Theory approaches to SLI. Having raised this caution, there are advantages of having an overarching theory of executive function to apply to the study of SLI, even if it is unlikely that executive function will prove to be the factor that fully explains the behavioral profile of SLI. The developmental integrative framework model of executive function [38] presented here provides a consideration of executive function that is unified rather than piecemeal. This is likely to promote a more holistic view than the SLI literature to date can provide. This particular framework makes concrete, testable predictions concerning how executive function skills should inter-relate. As such, an integrated view of executive function could help to clarify the nature of these deficits in SLI.
Conversely, the SLI population could provide an interesting and important test case for a developmental integrative framework model of executive function. Data from typically developing children can suggest relationships between skills that may fractionate in the face of a developmental disorder like SLI. Should children with SLI show skill dissociations that their typical peers do not, the proposed dependencies among executive function skills inherent to the model proposed by Garon et al. [38] would be called into question. Whether a developmental integrative framework model can be successfully applied to children with SLI remains to be seen. Moving forward, it is crucial that researchers use models or theories to guide their investigations of executive function in SLI in order to make predictions and interpret results.
